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MaOBJECTIVES This study sought to determine whether several anatomic or evolving characteristics of the coarctation
may create challenging conditions for treatment.
BACKGROUND Stent repair of coarctation of aorta is an alternative to surgical correction.
METHODS We analyzed our 21-year experience in the percutaneous treatment of complex coarctation of aorta. Adverse
conditions for treatment were as follow: 1) complete interruption of the aortic arch (n ¼ 11); 2) associated aneurysm
(n ¼ 18); 3) complex stenosis (n ¼ 30); and 4) the need for re-expansion and/or restenting (n ¼ 21). Twenty patients
(33%) belonged to more than 1 group. Ten interruptions were type A and 1 was type B. The mean length of the inter-
rupted aorta was 9  11 mm. The associated aneurysms were native in 8 patients and after previous intervention in
10 patients. Aneurysm shapes were fusiform in 8 patients and saccular in 10. The following characteristics deﬁned
complex stenosis as long diffuse stenosis, very tortuous coarctation, or stenosis involving a main branch or an unusual
location. Patients previously stented at an early age, required re-expansion and/or restenting after reaching 16  5 years
of age.
RESULTS Two patients had died by 1-month follow-up. The remaining 58 patients did well and were followed-up for a
mean period of 10  6 years. Late adverse events occurred in 3 patients (5%). All remaining patients are symptom-free,
with normal baseline blood pressure. Imaging techniques revealed good patency at follow-up without associated
aneurysm or restenosis. The actuarial survival free probability of all complex patients at 15 years was 92%.
CONCLUSIONS Stent repair of complex coarctation of aorta is feasible and safe. Initial results are maintained at later
follow-up. (J Am Coll Cardiol Intv 2015;8:1368–79) © 2015 by the American College of Cardiology Foundation.S tent repair of coarctation of aorta is an alterna-tive to surgical correction (1,2). However,several anatomic or evolving characteristics of
the coarctation throughout life may create challenging
conditions for surgical and percutaneous treatment.
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AB BR E V I A T I O N S
AND ACRONYM S
CT = computed tomography
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1369hemodynamic conditions. Evolution of the entire
aortic arch and collateral network may create very
adverse conditions for treatment. However, the anat-
omy, length, and location of the coarctation seg-
ment are widely diverse and may involve associated
aneurysms or main aortic arch trunks. Therefore, the
complexity of certain coarctations may make thera-
peutic decisions difﬁcult. This paper retrospectively
analyzes our 21-year experience in the percutaneous
treatment of complex coarctation of aorta.
METHODS
PATIENT GROUPS. We selected for study 60 patients
considered to have a complex coarctation to treat.
They all gave written informed consent; 46 were male
and 14 female. Fourteen of them (23%) had associated
malformations. Twenty-three (38%) had 1 or more
previous interventions on the coarctation, surgical,SEE PAGE 1380percutaneous, or both. Twelve patients underwent 2
or more previous interventions on the coarctation.
Thirty-seven patients (62%), mean age 26  17 years,
presented with a native coarctation of complex
treatment. The adverse conditions for treatment were
diverse and patients were divided into 4 groups: 1)
complete interruption of the aortic arch (n ¼ 11); 2)
associated aneurysm (n ¼ 18); 3) complex stenosis
(n ¼ 30); and 4) the need for re-expansion and/or
restenting (n ¼ 21). Twenty patients (33%) belonged
to more than 1 group. All therapeutic procedures were
performed under anesthesia and endotracheal intu-
bation. The access site was percutaneous in 57 pa-
tients and subclavian in 3 patients. Two arterial
and 1 venous pressure lines were obtained. Proximal
and distal aortic pressures and pulmonary arterial
pressure were monitored during the entire proce-
dure. A ﬁnal angiography and simultaneous pressure
gradient determination were performed. Closure of
the femoral puncture site was performed using a
Prostar system in 39 patients. The patients were
monitored after treatment for at least 24 h. A close
follow-up schedule was established after discharge.
Five patients had ulterior surgical procedures to treat
associated aortic valve disease.
COMPLETE INTERRUPTION OF THE AORTIC ARCH.
Figure 1 shows angiographic examples of this entity.
The age ranged from 5 to 66 years; 3 were children
and 8 were adults. All patients had severe hyperten-
sion and 7 presented with heart failure; 1 had atrial
ﬁbrillation. Three of them had associated aortic valve
disease and 2 associated coronary artery disease.Following the classiﬁcation of Celoria and
Patton, 10 were type A and 1 was type B. The
mean length of the interrupted aorta was 9 
11 mm. Distortion between proximal and
distal aortas was present in 6 patients, whereas they
were well aligned in 5. An extended network of col-
laterals was always present. Two patients had an
associated native saccular aneurysm.
Procedure . Recanalization of the occluded aorta was
performed using a rigid coronary wire in 6 patients
and a radiofrequency guidewire in 5 instances.
Recanalization was reached antegradely in 4 patients
and retrogradely in 7. Once into the opposed lumen,
the guidewire was captured with a snare and kept
ﬁxed. This allowed crossing with a 3-mm diameter
balloon catheter. After dilation, an angiographic
catheter was interchanged and angiography was
performed in the proximal aorta. Measurements were
conﬁrmed and a rigid guidewire was used to allow
interchanging the angiographic catheter to a 12- to
14-F Cook cannula (Cook Medical, Bloomington,
Indiana), by using a Dotter effect. Once the cannula
was in the upper segment, a covered Cheatham
(NuMED Canada Inc., Cornwall, Ontario, Canada)
(n ¼ 6) or nude stent (n ¼ 5) was implanted.
ASSOCIATED ANEURYSM. Thirteen patients were
treated 1 or more times at the coarctation surgically,
percutaneously, or both. Computed tomography (CT)
or angiographic studies revealed the anatomy of the
related aneurysm. The aneurysms were native in 7 pa-
tients, post-surgery in 3 patients, and post–percuta-
neous intervention in 7 patients. The aneurysm was
located at the coarctation level in 10 instances, at
proximal aorta in 2 patients, at distal aorta in 3 pa-
tients, and at collaterals in 3 patients. The aneurysm
shape was fusiform in 8 patients and saccular in 10.
The mean maximal diameter of the aneurysm was
18  8 mm. The clinical condition was stable with hy-
pertension, and 11 patients had effort dyspnea.
Procedure . The coarctation segments were analyzed
and measured angiographically and the aneurysm
was delineated in different projections. In 3 patients,
the aneurysm was ﬁrst covered with a stent and then
the aneurysm was partially or totally occluded by
ﬁlling the sac with coils through the struts (2); in 2 of
them, a second stent was implanted to increase the
mesh and ﬁx the occluded sac. After the introduction
of covered stents, all remaining patients were treated
with a Cheatham covered stent. A custom-made
expandable covered stent was designed according to
the anatomy of the aorta in 3 patients.
COMPLEX STENOSIS. The following characteristics
deﬁned complex stenosis: 1) a long diffuse stenosis
FIGURE 1 Angiographic Delineation of Proximal and Distal Aortas in 6 Patients
Simultaneous angiographic delineation of proximal and distal aortas showing the interruption of the aortic arch in 6 patients.
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1370(>45 mm) (n ¼ 12); 2) a very tortuous coarctation that
required an extremely acute remodeling for repair
(n ¼ 6); 3) a stenosis involving a main branch (n ¼ 14);
or 4) a coarctation of an unusual location (n ¼ 8).
Nine of these patients had stenosis with more than
1 complex characteristics. Eleven patients received
previous interventions on the coarctation and pre-
sented for recoarctation. The clinical presentation was
effort dyspnea in 20 patients and hypertension in all.
Procedure . CT or angiographic measurements
allowed for individual design of the stent covering. In
patients with long diffuse stenosis, the mean stented
length was 66  16 mm requiring 1 to 3 stents to cover
the long stenotic segment. One patient with a native
long abdominal coarctation had an associated severe
ostial stenosis of the right renal artery; a stent in
the renal artery was implanted before stenting the
coarctation. Patients with a tortuous coarctation al-
ways exhibited a post-stenotic dilation. The stent was
implanted in increasing diameters to gradually
perform the extremely acute remodeling of the aorta.
The distal stent was always overexpanded to adapt
the aortic wall. In 5 patients with an associated duc-
tus arteriosus as a main branch, a covered stent
treated both malformations by stenting the coarcta-
tion and closing the ductus. The branches to cover in
the remaining 9 patients were the right renal artery in
1 patient, the left subclavian artery in 4 patients, theleft carotid artery in 1 patients, and both arteries in 3
patients. The branches were protected with wires
before conventional stent implantation in these pa-
tients. The branches were angiographically evaluated
after implantation. Balloon post-dilation of the
branch origin was required in 6 instances, and kissing
balloon was performed in 2 patients. Eight patients
had severe coarctation in an unusual location: at the
transverse arch in 5 patients and at the abdominal
aorta in 3 patients.
THE NEED FOR RE-EXPANSION AND/OR RESTENTING.
Patients had been previously stented at an early age
(mean 3  3 years) as a palliative treatment to initially
resolve a severe clinical condition and allow them to
grow up without heart failure. The Palmaz stent
diameter that was implanted at that time was 9 
1 mm. They all had a signiﬁcant clinical improvement
after theﬁrst stenting, which permitted normal growth
in these children. Continuous follow-up of these pa-
tients monitored their aortic growth in relation to the
ﬁxed stented segment. Re-expansion was performed
at a mean of 13  4 years after ﬁrst treatment. All these
patients were asymptomatic and 10 exhibited hyper-
tension. Three patients had an associated aneurysm.
Procedure . Angiography at different projections al-
ways showed the anatomy of the aorta and the sten-
ted segment, which provided measurements and
evaluation of fractures or recoils of the ﬁrst stent
TABLE 1 Baseline, Immediate, and Follow-Up Data
Interruption
(n ¼ 11)
Aneurysm
(n ¼ 18)
Complex Stenosis
(n ¼ 30)
Re-Expansion
(n ¼ 21)
Global
(n ¼ 60)
Stent implantation period December 1998–
March 2014
November 1993–
March 2014
November 1994–
February 2013
August 2000–
August 2014
November 1993–
August 2014
Age, yrs 33  23 28  13 23  15 16  5 24  16
Previous procedure on coarctation — 10 11 21 23
Time from previous procedure, yrs — 10  9 4  5 13  4 9  9
Ascending aorta diameter, mm 40  23 25  13 23  10 16  5 25  15
Descending aorta diameter, mm 17  5 18  8 17  8 16  7 17  8
Baseline peak gradient, mm Hg 47  24 35  17 40  14 46  14 40  16
Residual gradient after implantation, mm Hg 4  7* 4  5* 4  5* 5  5* 4  5*
Baseline stenosis, % 100 54  26 60  16 69  18 69  24
Residual stenosis after implantation, % 5  8* 4  7* 6  10* 5  9* 5  8*
Latest arm-to-leg gradient 7  6 2  1 5  6 4  3 4  5
Follow-up time, yrs 3  3 11  9 10  7 5  3 10  6
Values are mean  SD or counts. Dashes indicate no previous procedure. *p < 0.001.
FIGURE 2 Aortograms Before and After Stent Repair of a Child With Interruption of the Aortic Arch
Aortograms before (A) and after (F) stent repair of a child with interruption of the aortic arch. The different steps of the procedure are as
follows: (B) antegrade guidewire recanalization and balloon angioplasty; (C) intermediate angiography; and (D, E) stent implantation.
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1372before and after re-expansion. A new in-stent stent
was implanted after re-expansion in 9 patients; 4 of
these in-stent stents were covered. Re-expansion was
performed in the remaining 12 patients using a
balloon catheter of 18  5 mm inﬂation diameter.
FOLLOW-UP STUDIES. All patients were monitored
and 58 were discharged 2 to 4 days after treatment.
Follow-up studies included telephone calls, clinical
evaluations on demand, and scheduled clinical and
echocardiographic evaluations at 6 months, 1 year,
and every subsequent year. A CT-scan follow-up was
performed in all patients since 2008. Five patients
required rehospitalization for the surgical treatment
of aortic valve disease 5  5 years after stent treat-
ment. Acute and late major events were recorded.
STATISTICAL STUDY. Quantitative data are ex-
pressed as the mean  SD. The paired t-test was usedFIGURE 3 Angiographic and CT Images of an Adult Patient With Com
Angiographic and computed tomography (CT) images of an adult patient
stent implantation. (D, E) Arrows show a saccular aneurysm related toto compare 2 mean values. Survival curves were
constructed using the Kaplan-Meier method.
RESULTS
Stent implantation and successful revascularization
was always achieved. The peak gradient across
coarctation decreased and the minimal lumen diam-
eter increased signiﬁcantly. Table 1 shows the base-
line and immediate ﬁndings. One 52-year-old patient
had a sudden cardiac death 3 h after the procedure.
The patient underwent surgery during his youth,
and he exhibited a long diffuse recoarctation. He
received 3 overlapped Palmaz stents at treatment.
One 53-year-old patient had a thalamic ictus
following the procedure that had mostly recovered.
No other major complications occurred. Four patients
had an absent or decreased femoral pulse at theplete Interruption of the Aorta
with complete interruption of the aorta, before (A to E) and after (F)
collaterals that were excluded after treatment.
FIGURE 4 Angiographies and X-Rays of Stent Re-Expansion and Partial Restenting in
a 15-Year-Old Boy
Angiographies and x-rays before (A, B) and after (C, D) stents re-expansion and partial
restenting in a 15-year-old boy. His evolution since birth has been previously
reported (1,2).
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1373puncture site, without limb ischemia; 2 patients had
hemorrhagic complications needing blood supply.
Repair of the access site was uneventful in 3 patients
where surgical access was performed through the
right subclavian artery. Clinical outcome was favor-
able in 58 patients. Basal blood pressure became
normal in all of them and those having symptoms of
heart failure recovered after treatment. During
follow-up, 43 patients did not need medical treat-
ment to maintain baseline blood pressure under
normal limits; 12 other patients were on beta-blockers
and/or angiotensin-converting enzyme inhibitors.
INTERRUPTION OF THE AORTIC ARCH. Two patients
with associated coronary disease were revascularized
using stents in the same procedure. The interruption
was always successfully recanalized and stented. The
gradient between ascending and descending aortas
after stenting decreased signiﬁcantly. The covered
stent completely excluded the aneurysm in 2 patients
with a related aneurysm. The signiﬁcant hemody-
namic relief correlated with a marked clinical
improvement in patients with previous heart failure
except 1 patient who needed early aortic valve
replacement. Figure 2 shows the recanalization pro-
cess of a complete interruption of the aorta and the
angiographic result after a covered stent implanta-
tion. Figure 3 shows the baseline angiographies and
CT images before and after treatment. The patient
with associated aortic valve disease and refractory
heart failure died after aortic valve replacement
3 weeks after coarctation repair. After a mean follow-
up of 3  3 years, 2 patients had successful valve
replacement 1 and 6 years after stent treatment,
respectively. One 66-year-old patient died of a
noncardiac cause 2 years after stent repair and
another 63-year-old patient with surgical aortic valve
replacement and coronary artery disease died sud-
denly 5 years after stent repair. The remaining 8 pa-
tients are alive and symptom-free without baseline
hypertension.
ASSOCIATED ANEURYSM. The aneurysm was cov-
ered by a nude stent in 3 patients, and the aneurysmal
sac was ﬁlled with coils through the struts to oblit-
erate the aneurysm. Figure 4 shows an angiographic
example of this type of obliteration. A second in-stent
stent was implanted in 2 patients to increase the
mesh and avoid coil embolization. The aneurysm was
excluded with a covered stent in the remaining
15 patients. Figures 5 and 6 show the angiographies
and CT images before and after treatment in 2 pa-
tients with associated native and post-surgical aneu-
rysms, respectively. Covered custom designed stents
were implanted in both patients. The gradient acrossthe coarctation segment decreased signiﬁcantly after
treatment (Table 1). At follow-up, all 18 patients are
alive without signiﬁcant Doppler gradient across
coarctation. CT imaging studies revealed that all an-
eurysms remained occluded at follow-up.
COMPLEX STENOSIS. Figure 7 shows an angiographic
example of a long-diffuse coarctation before and after
treatment. A covered stent was implanted at the
coarctation level in 5 patients with associated ductus
arteriosus to completely occlude the ductus. Nine
other patients had coarctation that was near a major
branch partially covered by a provisional nude stent.
Ulterior treatment of the branch was required in
FIGURE 5 Angiographic and CT Images of a Native Severe and Tortuous Coarctation With a Fusiform Native Aneurysm of the
Distal Aortic Segment
Angiographic and computed tomography (CT) images of an adult patient with native severe and tortuous coarctation with a big fusiform native
aneurysm of the distal aortic segment before (A, D), during (B), and after a tailored custom-designed 130-mm length covered stent (C, E).
(E) Image was obtained 1 year after treatment.
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13747 patients. A stent at the renal artery was implanted
before coarctation treatment. No angiographic ﬂow
limitations of the covered branch were observed
following these procedures. The ﬁnal stent diameter
at the coarctation level was 17  8 mm. All 30 patients
are alive and symptom-free without baseline hyper-
tension after a mean follow-up of 10  8 years.
Imaging techniques revealed adequate persistent
scaffolding of the treated segment with patency of
partially covered main branches (Figure 8) and
persistent occlusion of associated ductus arteriosus.
THE NEED FOR RE-EXPANSION AND/OR RESTENTING.
Three patients underwent coil obliteration of an asso-
ciated aneurysm. The following changes in trans-
coarctation peak gradients were observed: at an early
age: 53  17 mm Hg; post-stent: 5  4 mm Hg; at late
follow-up: 46  14 mm Hg; and post–re-expansion:
5  5 mm Hg. Figure 4 shows an example of re-
expansion and partial restenting. New angiographyafter expansion showed minor stent fractures in 7 pa-
tients and mild recoil in 2 patients. These anomalies
were treated with a new in-stent stent implantation in
9 patients; 4 of them were covered. There were no
complications associated with the balloon dilation of
the stent and/or new stent implantation. No damage of
the aorta was observed after treatment. At follow-up,
adequate scaffolding persisted.
COMMON FOLLOW-UP. Patients were followed-up
closely for a mean period of 10  6 years. Associated
late surgery of the aortic valve was needed in 5 pa-
tients, at a mean follow-up time of 5  5 years.
Evaluations continue in 4 other patients with mild
aortic valve disease. Late mortality occurred in 3
patients (5%). The remaining 55 patients were
symptom-free with normal baseline blood pressure.
The last limb Doppler gradient was 4  5 mm Hg.
Imaging techniques revealed a good patency of the
aorta without associated aneurysms or restenosis at
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1375late follow-up. The latest CT study was performed at a
mean of 6  8 years after intervention. Figure 9 shows
the actuarial survival probability that was observed in
this series of patients together with that from
noncomplex coarctation repaired with stents at our
institution in the same study period.FIGURE 6 Angiographic and CT Images of a Patient With Recoarctation and
Distal Aneurysm
Angiographic and computed tomography (CT) images of a patient with recoarctation and
distal aneurysm after surgery, before (A, C) and after (B, D) stent repair.DISCUSSION
Repair of coarctation of aorta has evolved signiﬁ-
cantly in the past 70 years and the outcome and late
results have improved. Stent repair has been an
alternative to surgical correction since 1995 (1) but
both treatments may be combined throughout life.
Many factors inﬂuence conditions for treatment. The
age at presentation, the wide diversity in coarctation
anatomy and location, and evolution of the aortic
segments and collaterals over time may be important
determinants for the selection of the best treatment
for each patient at a given moment of their life.
Indeed, many patients require several interventions
at the coarctation throughout their lifetime. There-
fore, the repair may be a simple, single stage proce-
dure or may present very complex conditions for
management depending on numerous factors. The
complexity for treatment may be present at birth and
continues throughout life or it may appear as an
evolving anatomical and/or pathophysiological
feature that leads to a difﬁcult management. This
retrospective 21-year study analyzed the immediate
and long-term results of stent repair in patients with
complex coarctation of aorta.
INTERRUPTION OF THE AORTIC ARCH. This uncom-
mon congenital anomaly, with frequent associated
cardiac anomalies, is well known, and it usually
presents as a complicated neonatal surgical emer-
gency, because the median age at death in untreated
neonates is 10 days. Surgery demonstrated excellent
results using a variety of individualized techniques
for repair (5). However, aortic interruption may also
be present in young children, adolescents, adults,
and elderly patients. Survival in these patients de-
pends on a dense collateral network. Several refer-
ences in the published data are case reports of a
diagnostic curiosity in adulthood (6,7). Whether the
interruption is congenital or acquired during life
from a critical coarctation is not well known and
both pathogeneses are possible. The treatment of
this entity is extremely difﬁcult, and it has not been
completely established because there is lack of
data in treated patients. Interruption length may
vary from millimeters to >1 cm. Both interrupted
aortic segments may be well aligned or completelydistorted, which adds additional complexity for
recanalization and stent treatment. Collateral ﬂow
may provide complex networks around the coarcta-
tion segment, with associated saccular aneurysms
in some instances. Surgical case reports prefer the
performance of an extra-anatomical bypass between
ascending and descending aortas (8) to avoid
approaching the site of interruption. Case reports of
percutaneous recanalization and stent repair were
also published (9,10), but there is little information
on the long-term results of either surgical or percu-
taneous treatments.
This study presents a series of patients with inter-
ruption of the aortic arch who were treated with stent
repair and followed-up for a mean period of 3 years.
Delineation of the anatomy using imaging techniques
is mandatory before treatment decisions and these
techniques provide an adequate planning approach.
Antegrade or retrograde guidewire recanalization
FIGURE 7 Angiographies of an Adult Patient With Long-Diffuse Abdominal Coarctation
Angiographies of an adult patient with long-diffuse abdominal coarctation before (A) and after (E) implantation of 3 stents. Arrows show an
ostial stenosis of the right renal artery that was treated with a stent before coarctation treatment (B to D).
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1376allows for guidewire capture in the opposed lumen
segment, which becomesﬁxed for balloon crossing and
cannulation of the interrupted segment. The stent
repair is an easy and safe procedure that reestablished
the ﬂow with no signiﬁcant gradient across. We
implanted nude metallic stents in our initial experi-
ence, but we strongly recommend the implantation of
covered stents to prevent possible wall damage and
exclude aneurysms. The initial good results are main-
tained at follow-up, without restenosis or evidence of
aortic wall damage.
ASSOCIATED ANEURYSM. Aortic aneurysm forma-
tion complicates aortic coarctation, and it carries a
risk of rupture with a high mortality rate. Coarctation
of the aorta continues to have a high risk for aneu-
rysmal formation late after treatment, despite
advanced techniques for surgical or percutaneous
treatment. Native aneurysms may also be associatedwith severe coarctations. The frequency, anatomical
types, location, risk factors, and mechanisms of aortic
aneurysms late after repair were reviewed (11). The
presence of cystic necrosis of the media in resected
coarctation segments (12) may explain this associa-
tion in native or treated coarctations. A bicuspid
aortic valve and the inherent weakness of the aortic
wall are risk factors for aneurysm formation. There-
fore, continuous monitoring of patients with treated
or untreated coarctations appears mandatory despite
the absence of symptoms because aneurysms may
grow over time. The size and location of the aneu-
rysm are important issues for treatment. Open,
hybrid, and endovascular techniques may be used for
repair (13). Percutaneous management has evolved
over time and this treatment appears to be an effec-
tive and safe procedure to combine coarctation repair
and exclusion of the aneurysm. Coil and microcoil
embolization and an Amplatzer vascular plug were
FIGURE 9 Actuarial Survival Curves
Actuarial survival curves of complex and noncomplex coarctations repaired with stents at
our institution since 1993.
FIGURE 8 Angiographic and CT Images From a Patient With 2 Stents Implanted in the Aortic Arch
Angiographic (A, B, C) and computed tomography (CT) images (D) from a patient with 2 stents implanted in the aortic arch showing balloon
angioplasty of the left carotid (B) and left subclavian artery (C). (D) Image was obtained 1 year after treatment. Arrows show patency of both
take-offs.
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1377successfully used (2,14). However, different studies
demonstrated that the deployment of covered stents
may be a safe and deﬁnitive therapeutic option,
without endoleaks and other complications (15,16).
We started to obliterate small aneurysms using
coils (2) (Figure 4). However, this treatment is limited
to small aneurysms, and it requires stent jailing of the
deployed coils. Since the introduction of covered
stents, we only used this device to combine coarcta-
tion treatment and aneurysm obliteration. We may
use commercially available covered stents or demand
a custom-tailored covered stent for certain patients
depending on the anatomy (Figures 4 and 5). All pa-
tients had successful immediate exclusion of the
aneurysm, which remain obliterated at long-term
follow-up. Therefore, our results conﬁrm the ﬁnd-
ings of other studies and suggest that e-poly-tetra-
ﬂuoro-ethylene-covered Cheatham-platinum stents
provide a safe and promising option for the treatment
of coarctation of aorta with associated aneurysm.
COMPLEX STENOSIS. Long-segment coarctation of
aorta is infrequent, but it may complicate treatment,
primarily when it affects the main branches (17,18).
Stent implantation was attempted in long-segmentthoracic coarctation (18) and the use of more than 1
stent should always be considered. A hypoplastic
aortic arch and coarctation involving the trunks also
PERSPECTIVES
WHAT IS KNOWN? Stent repair of coarctation of
aorta is an alternative to surgical correction. However,
several anatomic or evolving characteristics of the
coarctation throughout life may create challenging
conditions for both surgical and percutaneous
treatment.
WHAT IS NEW? This retrospective 21-year study
analyzed the immediate and long-term results of
stent repair in patients with different types of com-
plex coarctation of aorta (interruption of the aortic
arch, associated aneurysm, complex stenosis, and
stent re-expansion). Stent repair in these complex
patients was a safe and feasible management
strategy.
WHAT IS NEXT? This percutaneous experience
demonstrates that good initial results are maintained
at late follow-up.
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1378represent challenging conditions for treatment. Sur-
gical (17) or percutaneous (19) treatments have been
described. Open-cell bare-metal stents are chosen
when there is a likelihood of jailing a neck trunk,
which normally preserves the ﬂow through the
branches. However, provisional stent techniques with
or without a ﬁnal kissing balloon should be used to
guarantee open access to the covered branches
(Figure 8). In contrast, implantation of a covered stent
is a good option in patients with associated ductus
arteriosus. An adequate repair was always obtained.
Therefore, complex stenosis at the coarctation level
can be repaired using stents to provide good initial
and late results.
THE NEED FOR RE-EXPANSION AND/OR RESTENTING.
Stents implantation in severe coarctations at an early
age is controversial, but it seems effective and safe in
the short term (1,20). The aortic segments grow with
age despite a ﬁxed stented segment. This growth may
require re-expansion of the stent to accommodate the
segment to normal aortic growth. However, scarce
information on stent re-expansion of coarcted seg-
ments because of growth is available. Morrow et al.
(3) demonstrated the feasibility of re-expanding
implanted stents in normal juvenile swine after
growth in a short-term follow-up, without causing
signiﬁcant injury to the arterial layers. More recently,
Zanjani et al. (4) reported the feasibility and efﬁcacy
of stent re-expansion in 22 patients with aortic
coarctation. The intervals between stent implanta-
tion and redilation ranged between 2.5 months to
11 years in this study. Pressure gradients always
decreased and stent diameters always increased,
without reports of detectable damage to the aortic
wall. No other information on stent re-expansion or
restenting after growth is available in the published
data. There is also no information on the late follow-
up of patients with re-expanded stents. The mean
time from initial stent implantation to re-expansion
in our study, was 13 years. No luminal damage orstent deformation was observed after re-expansion or
restenting, and the repair was adequate (Figure 4).
This experience is the longest follow-up showing
good evolution after stent re-expansion or restenting.
CONCLUSIONS
Stent repair of several types of complex coarctation of
aorta is a safe and feasible management strategy. This
21-year percutaneous experience demonstrates that
good initial results are maintained at late follow-up.
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